A dual purpose mass spectrometer chamber capable of performing molecular beam scattering (MBS) and temperature programmed desorption (TPD) is detailed. Two simple features of this design allow it to perform these techniques. Firstly, the diameter of entrance aperture to the mass spectrometer can be varied to maximize signal for TPD or to maximize angular resolution for MBS. Secondly, the mass spectrometer chamber can be radially translated so that it can be positioned close to the sample to maximize signal or far from the sample to maximize angular resolution. The performance of this system is described and compares well with systems designed for only one of these techniques. © British Crown Owned Copyright AWE/2016 Molecular beam scattering (MBS) and temperature programmed desorption (TPD) are complementary techniques that have been widely applied to study interactions at the solid-gas interface. Both techniques have played a leading role in determining adsorption dynamics;
1-3 surface structure and physics; 4-6 and reaction kinetics.
7-9 However, the experimental geometry demanded by MBS and TPD are entirely different. To provide increased time and angular resolution, MBS experiments are performed with the mass spectrometer positioned typically 10s of cm from the sample, with a narrow entrance aperture. [10] [11] [12] Conversely, TPD requires the signal to be maximized, therefore a short sample detector distance, typically 1 mm, with a large entrance aperture is required. 13 Although TPD and MBS have been previously reported with the same detector, it has been at the expense of resolution. 14, 15 This has led to systems being designed either for MBS or TPD or having separate chambers for TPD and MBS. This note describes an instrument that allows TPD and high resolution MBS to be performed with the same mass spectrometer, in which the spectrometer can be moved along both the polar and radial axes and the width of the entrance aperture varied.
The system comprises five separate ultra high vacuum (UHV) chambers. There is a sample preparation chamber with standard cleaning facilities (Ar + sputtering, annealing), gas dosing and metal deposition. An analytical chamber is also present, which has the capability for x-ray photoelectron spectroscopy (XPS), ultraviolet photoelectron spectroscopy (UPS), Auger electron spectroscopy (AES) and scanning electron microscopy (SEM). The scattering, mass spectrometer and molecular beam forming chambers are described below.
The molecular beam is generated through free-jet expansion of a high pressure gas through a converging nozzle into a low pressure background. The system described a) james.tonks@awe.co.uk b) ewan.galloway@awe.co.uk c) Current Address: Department of Materials, Imperial College London, London, SW7 2BP, UK here uses a Gottingen type design, which utilizes a relatively low pressure within the nozzle with a faster pumping speed to provide the pressure difference. This type of source has been comprehensively described by many different authors. -4 mbar at He flows of typically 2.5 -3.3 mbar l s -1 . The beam is mechanically chopped by a rotating disk to provide a pulsed beam of frequency up to 1000 Hz. The chopper has two different sized slits allowing for the beam to chopped into ∼1.5% or 50% pulses. The time of flight (ToF) of the beam is measured by a LED and a photodiode system, whereby a timing signal is sent to the mass spectrometer to begin detection. A time channel width of 0.1 µs was used. There is also a pneumatically driven shutter that allows the beam to be turned on or off in under 100 µs. A variety of collimating apertures are installed (4, 2, 1.5, 1, 0.5 and 0.2 mm), allowing for the size of the beam to be changed. The nozzle can be heated up to 1000 K, via resistive heating.
The 635 mm diameter scattering chamber achieves a base pressure of 2×10 -10 mbar through a combination of a 1100 l s -1 turbomolecular pump and a titanium sublimation pump. The sample manipulator in this chamber has 6 degrees of freedom (x, y, z and rotations in polar and azimuthal directions) and has a temperature range of 180 -1000 K. The quadrupole mass spectrometer (HI-DEN HAL 7, 0 -200 amu range) is housed in a separate, differentially pumped, chamber. Figure 1 shows a photograph of the mass spectrometer chamber, housed within the larger scattering chamber. The mass spectrometer chamber is mounted on a goniometer which is sealed from the scattering chamber with a PTFE ring. The rotational range of the mass spectrometer is ∼200°, driven by an externally mounted stepper motor with a step resolution of 0.01°. Radial motion of the chamber is enabled by a linear drive and a bellow, providing about 240 mm of travel. The linear drive is operated by a stepper motor driven screwdriver with a step increment of 1 µm. The mass spectrometer housing contains different sized apertures (5, 3, 2 and 1 mm diameter) selectable by rotating the housing using a screwdriver mounted to a feedthrough, thereby allowing the aperture size to be selected for the experiment. To reduce the background signal in the mass spectrometer chamber an additional 1300 l s -1 magnetically levitated turbomolecular pump backed by a 70 l s -1 turbomolecular pump and a titanium sublimation pump are fitted. The maximum and minimum distances between sample and mass spectrometer are 237 and 1 mm, respectively. Using a 237 mm sample-detector distance and a 1 mm entrance aperture, the angle subtended from the sample to detector is ∼0.24°. The selectable aperture diameter and linear motion are the two key design features allowing this mass spectrometer to perform TPD, He atom scattering (HAS) and MBS experiments. The beam number density was measured by calibrating the response of the mass spectrometer to a spinning rotor gauge. A high molecular beam flux is desirable as scattered molecular beams are typically of the order of a few percent of the incident beam flux. 5 The intensity of a beam can be defined as the number density, the number of atoms per unit volume, N v . Using a collimating aperture of 1 mm diameter and a He beam stagnation pressure of 4.5 bar, a pressure of 8.4 × 10 -6 mbar was measured on the calibrated mass spectrometer, which gives N v = 2.04 × 10 11 cm -3 . The He atom flux, N f , is the number of atoms impinging on a unit area per unit time, which was calculated using v d to be 3.59 × 10 16 cm -2 s -1 . Such a flux is of the order of 10 monolayer s -1 , which is appropriate for reactive scattering studies; however it is at the upper end of the desired range and can be reduced through the use of a smaller collimating aperture or the 1.5% or 50% duty cycles on the chopper. The beam divergence was measured by rotating the mass spectrometer so that it crossed the beam. The divergence places a limit on the angular resolution achievable in an experiment. It was found that a 1 mm collimating aperture provided the best compromise between intensity and resolution. The angular resolution of the beam in this configuration is 1.44°.
A series of experiments were conducted to determine the experimental performance of this system. HAS was performed on an atomically clean Ni(100) surface at 295 K and is shown in figure 2a . The detector was placed at 237 mm from the sample with a 1 mm diameter entrance aperture. As Ni is a free electron metal, only the specular reflection was visible. The full width half maximum of the specular reflection of the He beam from Ni(100) surface was measured to be 1.91°. The increase in the beam width with respect to the intrinsic width is probably due to a Debye-Waller effect.
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A TPD profile was obtained for H 2 adsorbed on Ni(100) with a detector sample distance of 1 mm and an entrance aperture diameter of 5 mm. The sample was prepared by exposing Ni(100), cooled to 200 K, to 10 L (1 L = 10 -6 torr s) of H 2 . A TPD was then performed from 250 -450 K at a ramp rate of 0.5 K s -1 . The result of this experiment is shown in figure 2b, a clear H 2 peak is evident at 300 K.
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In addition, reactive scattering was performed by exposing the Ni(100) surface at 295 K to a He beam containing 1% O 2 . The detector was placed normal to the sample surface at a distance of 35 mm, with an entrance aperture of 5 mm. A initial sticking probability of 0.58 was measured in this arrangement, comparable to literature.
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The performance of a multi purpose mass spectrometer chamber has been described. A series of experiments verified the effective operation of the mass spectrometer. A sharp Ni(100) specular reflection was obtained for HAS; for TPD, H 2 desorption was characterised; and for reactive scattering, the sticking probability of O 2 was obtained. All experiments compare well with literature. 
